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Outturn medium for CHO<e(la and adi^ CHO-oalla. 


@ A bkxhamicaliy defined culture medkim for cutturing engineered Chineee hamster ovary (CHO) oeit 
lines, which is essentiatly fine from protein, i^id and cartMhydrate Isolated from an animal source, 
comprising water, an osmolality regulatDr, a buffer, an energy aourca, amino adds Including L- 
gtutamine, an inorganic or recombinant h>n source, and a synthetic or reoombin»it growth factor, and 
optionaiiy non-fenous metal ions vitamins and ooTactors ; also ceils adapted to grow tn such a culture 
medium. 
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The pTBsent invention relates to a blochemtcafly defined oiture medium for cultiiring Chlneae hamster 
ovary (CHO) cell Unas and cefls adapted to graw In the culture medium. 

Chinese hamster ovary cells (CHO) were first cultured by Puck (J.Exp.Med. 108, 945, 195a) from a biopsy 
of an ovary ftom a female Chinese hamster. From these original cells various worlcevs have cloned a number 

s of sut>^(neft wlttt vaftous deffeterwles, one of which, CHO-K1 . Is prollne-requlring and Is diploid for the dlhyd- 
rofolatB reductase (dhfi^) gane. From this cell line a dhflr CHO cell Una (CHO DUK B11) was developed (PNAS 
77, 1980, 421&4220) which Is charBCtarlsed by the loss of dhfr function as a eonsequence of a mutation In 
one dhfr oene and the subsequent loss of the other Qana. These celts are functlontfly dhfr. Other CHO DDK 
sutKl ines have bee n derived which are also phenotyplcally dhflr. CHO cells which are dhfr cannot grow without 

10 nudeotlda precursors such as thymidine, hypoxanthine, or the equivalent nucleosides. 

Various proteins have been expressed In such CHO eels Including the E.co)l XQPRT gene (J.Mol J\pp.Qen. 
1981, 1 165-175), huntan tissue^ype plasminogen activator (Mot. A Cell Bk)l. S, 1750>175g. 1985), human 
Immune (y) Interferon (PfslAS 80 pp 4654-4656), and human beta Interferon (Molecular and Cellular Biology 4, 
1 66-1 72, 1 984). A dhfr CHO cell line b transfected with a product gene and a dhfr gene which enables sal ectkm 

15 of CHO cell transfbnnnants of the dhfir*^ phenotype. Selection Is carried out by cuKuring the colonies in media 
devoid of thymidine and hypoxanthine, the abeenoe of which prevents unlransfbrmed cells from growing. The 
transformants usually express low levels of the product gene by virtue of co-integration of both transfected 
genes. TTie expression levels for the product gene may be increased by amplrfication using methotrexate. This 
drug is a direct inhibitor of the dhfr enzyme and allows Isolation of resistant oolonies which have amplified their 

20 dhfr gene copy number sufficiently to survive under these conditions. Since the dhfr and product genes are 
usually dosely linked in the original transfonnants. there is normally concomitant ampliTtcatkkn resulting in 
increased expression of the desired product gene. 

A different system of selection and amplification Is provided by the glutamine synthetase selectable marker 
(or OS system) which is described in WO87/0446Z CHO cells whk^ have been successfully transfected with 

25 the gene encoding the GS enzyme and the desired antibody gene can be selected by cutturing oolonies in media 
devoid of glutamine and amplifying by the addition of methionine sulphoxknine (Msx) as described in PCT 
published application number WO87/0446Z 

Engineered CHO ceils (those in which a CHO cell line is transfected with a product gene and a selectable 
marker gene) are routinely grown In culture media containing aerum. (References: J.MolApp.Gen. 1981, 1,, 

30 165-175; Mol. & Cell Bid. 5, 1750-1759, 1985; PNAS 80 pp 4654-4656; Molecular, and Cellular Bk>logy 4, 166- 
172. 1984). Fetal bovine serum (FB5) is probably the most extensively utilsed serum for mammalian cell cul- 
ture, although other mammalian sera are used. However, the use of serum poses a number of problems. Serum 
is an expensive commodity which is not readily available in amounts required for commercial production, it is 
also a biochemically undefined material. Serum is known to contain many major components Including albumin 

35 and transferrin and also minor components many of which have not been fully kJentlfied nor their action deter- 
mined, thus serum vrtll differ from batch to batch possibly requiring testing to detem^Ine levels of the various 
components and their effect on the cells. Frequently, senjm Is contaminated with micfoorganlsms such as vir- 
uses and mycoplasma many of whk:h nuty be hanrNess but will represent an additional unknown fiactor. This 
problem has become more acute in recent years with the emergence of Bovine Spongiform Encephalopathy 

40 (BSE). Despite improvenwnts In screening, regulatory authorities are llcely to require the sourdng of bovine 
products from those areas whteh are free from (BSE) Infecttons. 

Furthemwre. the presence of animal proteins in culture media can require lengthy purtfk»tion procedures, 
in particular the presence of bovine antibodies In bovine serum albumin (BSA) makes purificatk>n d the desired 
antibodies expressed by the recombinant CHO cell line, extremely dlffiodt Removal of bovine antibody from 

45 the medium prior to use is possibte but this and the additional product testing required, adds greatly to the overall 
cost of production of the product Consequently, there has been much research into finding a culture medium 
devoid of anrnal components which will support cellular growth, especially of CHO cells. Unfortunately, the 
problems associated with the provision of such a medKjm are themselves numerous. CHO cells do not readily 
grow in serum-free conditions. In additk)n, the removal of serum may also remove those components that pro- 

50 vide cell protection and detoxifying activity. ' 

A culture medium whk^ is serum-free but not free from aninr^a) components is described by Mendiaz etal 
(In Vitro Cellular & Oevelopnrwnt Bbkigy Vd^. No.2, 1988) for use in the culture of CHO K1 cells. The medium 
is a modification of the medium developed by Ham (Microbiology S3 1965 288-293) which is known es "Ham's 
F12'. Other examples of media have been based on Ham's F12 medium for example as disdosed in 

55 EPA390327 and EP325190. These media contain transferrin as the semm substitute, but b^nsferrin is derived 
from an animal source, so the resulting media do not overcome the contamination prq^nra associated with 
the use of serum. 

A further problem which arises with the use of sertmwfree media is that of supporting recombinant CHO 
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cells to enable growth and expression of product Media based on Ham's F12 which are not supplementsd wHh 
serum are generally not rich erraugh to support fun growth or expression. 

Engineered CHO cells are also difficult to grow h suspension, ft is highly deskaUs to achieve growth ki 
suspension when using the ceils to express a product such as an antibody. For production of a biological protein 
5 on a oonrmtcial scale ft Is prvTarabla to be able to support growth tnfennrTenterBw^ 

vessels to multi-thousand litre stainless steel tanks. A suitable medium must be aUs to support the celts against 
sheer forces from blade ImpellerB or turbines and from effects of sparging (is: supplying ak. oxygen and CQj 
In bubble form directly to the medkjm). 

The present Invention therefore provides a Uochemically defined culture medium for cultoring engineered 

10 CHO ofttis which Is essentially free from protein, lipid and carbohydrate Isolated from an animal source, com- 
prising water, an osmolality regiiator, a buffer, an enei^ source, amino acids Including L-glutamlne, an Inor- 
ganic or recombinant iron source and a recombinant or synthetic growth eador and optionaly non^isnous metal 
tons, vitamins and oofectors. 

The components of the medium are ntoetly inorganic, synthetic or recoir^lnant and as such are not 

18 obtoined dkectfy from any anintal source. Some components may be obtained hom a plant or bacterial source. 
Recombinant components are prepared under highly purs conditions to minimise the risk of contamlnatton fmm 
the parent tissue passing to the cells used to produce the components. Further puriftoation steps may be 
employed to remove cell proteins. Thus, a medium whk:h Is essentially free firom all protein, lipid and carbohy- 
drate isolated from an animal source, can be achieved. The preferied cultore medium of the Invention contains 

20 no protein, lipid and carbohydrate isolated from an an imai source. 

It is advantageous to maintain osnwiality in the range 200-350mOsm preferably In the range 290^ 
350mOsm. Osmolality regulators are generaDy salts. Those which may be used in the medium include NaO, 1 
KCi. KNO3. J-J 
Buffers of use in the medium to malntein the pH in the range 6.5 - 7.5 most preferably around pH 7.0. Buffers 

25 of use In the medhjm include carbonates such as NaHCOj: also chlorides, sulphates and phosphates such as 
CaCl22H20. MgS047H20, NaH2p042H20, or sodium pynjvate. such buffere are generally present in an amount 
50-500 mg/litre. Other buffers, such as N-[2-hydroxyethyl]piperBzine-N'-[2-ethanesul- phonic add] otherwise 
known as HEPES and 3-[N-Morphol^no^propanesul- fbnb add otherwise known as MOPS ere genereOIy pre- 
sent in an amount 1000-10.000 mgflitre. . 

30 The energy source of use In the medium is generally present In an wnount 1000-10,000 mg/liire and Is l-|0j3 / / 
preferably a monosaccharide such as nwnose, fructose, galactose or nwltose most preferably glucose, par- ^ ' 

ticulariy D^lucose. - - . - ^ 

The non-ferous metal tons opttonaliy of use In the medium Indude magnesium, copper and zinc; also 
sodium, potassium and selenium. The tons are generally added to the medium In the torni of salts such as 

35 chlorides and sulphates. The amounts are typtoaily similar to those provkJed In the ISCOVES medium set out 
h Table 1 but dearly may be varied. 

Vitamins and enzyme co^actor vitamins (oo-factors) opttonally of use In the medium Indude Vitamin B6 
(pyridoxine), Vitamin B12 (cyanocobalamin) and Vitamin K(bk)tin) present In an amount 0.01 -0.5 n^itre; Vita- 
min C (ascorbic ackl) present In an amount 10 - 30 mg/lltre, VHaniln B2 (riboflavin) present In an amount 0.1 - 

40 1.0 mg/litra and Vitamin B1 (thiamine), nicotinamide. Vitamin B5 (D caldum pentothenato), fiolk; acid, i-inositol 
generally present in an amount 0.2 - 8.0 mg/litre. 

It is preferable to Indude In the basal medium a Itpto factor such as chdine chlorUe, llpoic add, oleic acid, 
phosphatidylcholine or methyl lineoleate, generally In an amount 0.05 - 10 mg^ltre. Compounds Involved In llpkl 
productton for example alcohdamines such as ethanolamlne may dso be added. 

45 ft Is prefsraUe to indude addlttonal amino adds In the medium selected fnm 
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L- Alanine 

20 


so 

L-Arginlne (HCl) 

50 


XOO 


20. 


SO- 

L-Asparclc Acid 

20 


SO 

L-Cyatlne (dlsodiua salt) 

50 


100 

L-6Iutaaic acid 




L-Glutaalne 

400 



Glycine 

■20 


so 

L*HlsCldlne (HCl.H^O) 



&0 

WW 

L-Isoleuclne 

50 


156 

L-Leucine 

50 


150 

L-Ly«lne (HCl) 

XOO 


200 

L-Methlonlne 

20 


50 

L - Phenylalanine 

40 


tto 

WW 

LProllne 

30 


60 

L- Serine 

30 


60 

L-Threohine 

50 


120 

L-Xryptophan 

10 


20 

L-Tyrofilne (dlsodlum salt) 

50 


120 

L-Valine 

80 


120 


The bracketed forms are preferred. 

The amino acids are preferably of synthetic origin. The anxMjnts which are usuaily included vary for each 
amino add but are generaity in the range 10-150 mg/ml. However. L-glutamlne is generaOy present at much 
higher ooncentration preferably in the range 400-600 mg/mi. 

It may be advantageous to inctude in the medium a pH indicator for example Phenol red sodium salt for 
example at 5 - 50 mg/litre. 

Medium A as set out in Table 1 , is an example of a medium which provides the prefened quanttttes of water, 
osmolality regulator, buffer, energy source, amino adds, non-ferrous metal Ions, vitamins and co-factors as a 
basis fora culture medium according to the Invention. This medium does not contain any hypoxanthine or thymi- 
dine and is conrwnerdally available from GIBCO Ud.. Unit 4, Cowtey Mffl Td. Est, Uxbrldge UB82YG. It Is slmflar 
to a published culture medium (Iscoves and Melcher (1978) J.Exp.Med. 1. 47.923) but does not contain any 
bovine serum albumin, pure human fawttferrln or soyabean ledthln. 


EP 0 461 791 A2 

Mtdhim A (modlflcaaon of tocowt' DMEM lacfcing albumin, tranfwTin and l»cithln> 


IngxedUnt «g/lltre 


L-Alanine 25.00 

L-Arglnlne UCl 84.00 

L-AsparaglM U^O 28.40 

L-Aspartlc Acid 30.00 

L-Cystlne 70.00 

L-Clutaalc acid 75.00 

L-Glucaalne 584.00 

Glycine 30.00 

L-Hlstldlne HCl.H^O 42.00 

L-Isoleucine 105.00 

L-Leuclne 105.00 

L- Lysine HCl 146.00 

L-Methlonlne 30.00 
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L-FhcnylAlanlns 

66.00 



40.00 

6 


42.00 


L- Threonine 

AC nf\ 
95.00 


L- Tryptophan 

16.00 

10 

L-Tyroalne dl*odlua salt 

104. 20 

L- VAl Lna 

AA 
94.00 


Blotln . 

O.OU 


D.CftlduM Panto thexutte 

A AA 
4,00 

18 

CnoLxtie ealOTLae 

J. AA 

4.00 


rOt IC SCI ^ 

A AA 


1-inoBitoi 

^ 4A 

7,20 

20 

Nlcotlnaitlae 
ryrldoxaX HCl 

4.-00 
4.00 


Riboflavin 

0.40 


XaLaiun nwX 

A tin 

25 

Vitaain B 12 

0.013 



91 0 AA 




30 



MffCn 711 f) 

AW . UU 


Van 

Hjvj , UU 



JU£** lUU 

35 

NaH2P0^2H20 

141.30 


D- Glucose 

4500.00 


HEPES 

5958.00 

40 

Phenol red sodium salt 

15.00 


Sodiua pyruv&tft 

110.00 


Sodium selenite 

0.017 


45 DMEM modification of Iscoves N and Melcher (1 978), J.Exp.Mad. 1. 47. 923. 

It is preferable to add to the medium, selenkim (optionally in the form of aodlum selentte) generally In an 
amount 0.01 - 0.2 mg/lltre or L^AsoorbicacId generally In an amount 20- 50 mg/IKreto help minimise the poten- 
tial toxic effects of ferrous or ferric Ions, and oxygen. Further use of chelating agents such as dtrata or 
Ethylenediaminetatraaeetic acid (EDTA) or a free radical scavenger such as a-Tocephero) (vitamin E) are 
so advantageous In reducing free radical damage. 

Antibiotics such as pdyfrryxin, neomfydn. penicillin or streptorriycin may be added to the medium to prevent 
bacterial contamination. These are usually Included in an amount 10.000 - 100,000 lu/lltre 

Growth factors which may be added to the basal medium are synthetic or recombinant and include Insulin. 
Other factors such as platdet-derfved growth factor (PD6F), thyroxine T9, thrombin, intedeukins such as IL.2 
55 and IL6. progesterone, hydrocortisone and vitamin E may be included. Folic acid, vitamin B6 and vitamin B12 
%vhich are involved In the folate pathway may be added to enhance the growth of cells.' 

The peptide hormone insulin (which in the present context includes analogues thereof such as Nucetlin 
(TM of Eli Uly) is advantageously obtained by reoombinant DNA techniques but ts not teolated from an animal 
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souroe. K Is preferably added to the medium In en unount 5ftg - Smg/Htre. NuoeOln b ttte prefsfred fonn of insulin 
for use h the Invention. 

The non-animal derived Iron source to supplement the medium, b prefsfBt}ly Inorganic and present in an 
amount 0.25 - 5mo/litre. Examples Include fenic and ferrous salts such as ferric dtrste or femxjs sulphate. The 
5 chelated salts such as ferric dtrats and fenric ammonium dtrate are preferred. However, any Iron source may 
be used which is not isolated from sn animal source, for example, chemical iron chetators or reeombinant pro- 
tain iron carriers. 

The concentration of ferric or ferrous Ions should be carsftjty oontralted as these may help Qenerete 
superoxides and fne radlcais In the medium, which may damage not only the ceils themsehws, but medium 
10 components and the desired end product 

It Is also preferable to add to the medium, a compound such as putresdne, advantageously as a salt such 
as HCt , which b known to play a role in maintalntng the stnictm of the endoplasmic reticulum and to be required 
by certain CHO call ihes to support growth. Putrescine or a salt thereof b pn/ftnbify added In an amount 0.01 
- 1.0 mg/iltre. 

IB Serunv-I^ media dbdosed to date contain hypoxanthine or thymidine. Thb could bypass the aelectkxt 
pressure placed on the dhfr selection and amplification system as previously dbdosed. The result may be loss 
of genetic material specifying the product and the dhfr genes. Therefbre. in another aspect of the Invention there 
b provided a culture medium for the growth of engineered dhfr" CHO cells In accordance with the invention, 
essentially free from hypoxanthine and/or thymidine. 

20 The culture medium of the present invention supports CHO cell growth and when supplemented with an 
appropriate agent such as methotrexate for the dhfr system usually in an amount 0.1 - S.O ^M, (or MSX for the 
GS system), allow full selection pressure to be exerted on the cells. H wllt be understood that hypoxanthine 
and thymidine at concentrations which are insufficient to bypass selection of the dhfr system may be present 
in the medium, but the presence of these two nudeotide precursors is not preferred for use with the present 

25 invention. 

In large scale fenmenters, mammalian ceils are particularly susceptible to sheer forces arising from the 
sparging of the vessel with gases and the mixing with the impeller. To minimise the occurrence of cellular dam- 
age it is advantageous for the medium to contain a cell protectant such as pdyethylene glycol, polyvinyl alcohols 
or plurontc pdyols. Of these, Pluronic (TM of BASF Wyandotte Corp) pdyol F6B b preferred since uniilie pdyvi- 
30 nyj alcohols this is a non-toxic substance and unlhe polyethylene gtyoob does not interfere with downstream 
purification. 

Further Improvements In CHO cell growth may be obtained by supplementing the medium with a peptide 
digest, hydrolysates or extracts, such as Tryptone, casein hydrdysate, yeast extract or preferably papain 
digested soya peptone. The preferred anrKMjnts are 1% - 0.025% w/v, most preferably 0.25% wM 

35 The media of the invention for culturing recombinant CHO cells are capable of supporting the growth and 
secretion of product from such cells in suspension In small and large scale fennenters, static cultures and/or 
spinners. The culture medium according to the invention b ateo capable of supporting growth of cells at high 
cell density nanr>ely greater than 1 x 10^ cetls/ml up to or greater than 1.5 x 10> cella/mi and product secretion 
of 30 mQ/\ up to greater than 150mg/l. The medium according to the Invention b also capable of supporting 

40 this growth and product sacrstlon over multiple passages lasting upto or greater than 6 months. 

The medium te preferred for the production of ail types of antibodies nahjrat and altered. The invention 
therefore indudes production of human antibodies wherain the amino add sequences of the heavy and light 
chains are homologous with those sequences of antibodies produced by human lymphocytes In vtvo or In vitro 
by hybridomas. Abo provided are hybrid antibodies In which the heavy and light chains are honrioiogous to a 

45 natural antibody but are combined In a way that would not occur nahjrally. For eocample. a bbpedfic antibody 
has antigen binding sites specific to more than one antigen. The constant region of the entibody may relate to 
one or other of the antigen binding regions or may be from a further antibody. Altered antibodies, for example 
chimaeric antibodies have variable regions from one antibody and constant regions from another. TTius, 
chimaeric antibodies nrtay be spedes/spedes chimaeras ordass/dass chimaeras. Such chimaeric antibodies 

50 may have one or more forther modifications to improve antigen binding ablity or to alter effector functioning. 
Humanised or CDR-grafted antibodies (EP 239400) are emtvaced wfithin the invention, in particular Campath 
1H (EP328404) (Campath b a TM of The Wefloome Foundation) also composite antibodies, wherein parts of 
the hypervariable regions in addition to the CDRs are trenferred to the human framewoilL Additional amino 
acids in the framework or constant regkms of such antibodies may be altered. The lnventk}n further indudes 

55 the productkm of Fab fragments which are roughly equivalent to the Y branch portions of Ihe heavy and light 
chains; thb Indudes incompleto fragments or fragments induding partof the Fc m^ioiT. 

In a further aspect of the invention there is pravMed an engineered CHO cell adapted to grow in a medium 
according to the invention. In particular a CHO cell engineered to express proteins such as tissue plasminogen 
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acttvstor or antibodies as dtffinod above. In pirtlcutar the Inventkm piovldes ■ dhfr- CHO cell line transtoctad 
with a 9enft encoding a biologically active protein and a dhfr aelectabte martw gene, adapted to grow in a cul- 
ture medium according to the Invention. The protein is preferably an antibody as defined above. 

Tfie Ingredients of the cutture medium may be added In any order but It Is prefisrabie to add the kon source 
and when used, tyrosine, last to avoid preclpttotton. 

Accompanying Flguras are Ibr Qlustratlon only. 

Figura 1 shows growth of C1H 3D1 1* 44 In WCM5 (pfoteln-frae medium) In a 1 litre famtentar measured 
as cell count/ml over 80 days. 

Figure 2 shows antibody production from C1H 3D1 1* 44 cells In WCM5 (n a 1 1Hre fennenter rwasurad as 
micrograms of antlbody/ml over BO days. 


20 
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Example 1. 

Formulation for medium WC1^4. 

Medium A: (Iscoves isodiflcatlon of DHEH vithout BSA, transferrin 
and lecithin as set out In Table 1). 



5 ml/11 tre 

200aK L glutanlne 

+ 

50 Dg/lltre 

L proline 

+ 

50 «g/lltre 

L threonine 

+ ■ 

50 Bg/lltre 

L Methionine 

+ 

50 ng/lltre 

L cysteine 


SO fltg/lltre 

L tyrosine 


25 ng. litre 

ascorbic acid 

+ 

0.062 Bg. litre 

vitamin B6 

+ 

1.36 »g. litre 

vitamin B12 

+ 

0.2 mg/lltre 

llpolc acid 

+ 

0.088 Bg/lltr« 

methyl linoleate 

+ 


neCfaotraxate 

+ 

1 mg/lltre 

• FeSO, 

+ 

1 ng/litce 

ZnSO, 
4 

+ 

0.0025 ag/lltre 

CuSO, 


5 Bg/litre 

recoabinant Insul 

+ 

50,000 Xu/Xitre 

poXyoyxin 

+ 

20,000 lu/lltre 

neoaycin 

4 

0.16 Bg/lltre 

putresclne-2 HCL. 


This medium does not contain hypoxanthlne, thymidine or follnic acid which can bypass rhethotrexate 
selection. The medium does contain glycine which cannot by isetf bypass eetecUon. Therefore, this medium 
maintains full eelection for methotrexate resistanoe. 
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ExampI* 2. 

Focmjiatton fy MedKwi WCMS 

MedMluB A: <Isccyves nodlflcatlon of DMEM without BSA. transferrin 
or lecithin). 



5 Bl/lltr« 

200iriC L glutxnlne 

+ 

50 M£/lltre 

L proline 

4 

50 «g/lltre 

L threonine 

+ 

50 ag/lltre 

L Methionine 

+ - 

50 Bg/litre 

L cysteine 

+ 

50 ac/Iitre 

L tyrosine 

+ 

25 Kg/lltrft 

t ascorbic acid 

+ 

0.062 ng. litre 

Vitamin B6 

+ 

1.36 mg. litre 

Vltaiain B12 


2 Bg/litre 

Ferric citrate 


I ag/litre 

Zinc 8ulphate~ 

+ 

0.0025 Bg.Xtt 

Copper sulphate 

+ 

50,000 lU/lltre 

PolyayxlTi 

+ 

20,000 lU/Utre 

Heoaycln 

+ 

3 \ky\\.m 

Etbanolanlne 

+ 

0.16 ag/Utre 

Putresclne 

+ 

5 ■g/litre 

Recoablnant Insulin (Nucellln) 


Example 3 

Qfowth of and Production from C1H 3D1 V 44 tn WCM4 

40 C1H 3D1 1* cells are genetically engineered CHO DUK B1 1 cells (Uriaub and Chasln (1980)) PNAS 77. 7 
pp 4216-4220). CHO DUK B11 cells cannot produce dihydrofdate reductase (dhft). These cells were 
engineered to produce a humanised IgQ antibody, Campalh 1H (Winter et al., Nature, 1968, ^2, 32^^27), 
using plasmid constructs to express heavy and light antibody chains and the niouse dhfr. Expression Is 
ampltflad and mafntatned using the fdate antagonist methotrate. C1H 3D11* celts growing as a monolayer In 

45 Iscoves + 10% FBS Flow, non-essential amino acids, 10-"M Methotrexate and anUbiotics were approxfanatety 
90% confluent These cells were removed from the plastic with trypsin/ventene, washed In Iscoves medium 
without supplements, centrrfuged and (esuapended at 5 x lOVml in WCM4 medium -»■ 0.25% peptone 0.1% 
polyethyfene glycol (PEG) 10,000 O.S% fetal bovine senim (FBS) without methotrexate (MTX). Three 25cmiz 
flaslcs were set up with 1 0mi of cell suspension -t- hypoxanthine (H), thymidine (T) or HT. TheM flasfcs were 

50 incubated at ae.S^C in 5% CO2 incubator. ' 

After six days, the flasics were pooled and added to an equal volume oT WCM4 * MT^ v^out peptone or 
PEO, and were transferred to a 7Scm2 flasit. 

These cells were used to seed a SOftni Techner spinner, incubated at 36.5*^0 spinning at 40 rpm. Cells 
continued growing serum free for a period of over five months and although It was found that the cells needed 

55 a period of adptatton, the growth rate and viability steadily improved. The population doubling time was calcu- 
lated to be 73.1 hour« overapproxlnutely 7 weetis; this decreased to 47.4 houra over the subsequent 20 days 
then stabnised. Antibody secretion remained high at levels in excess of 60 ^g/ml. It was determined that the 
gene copy number in these ceils did not decrease accord to band intensity using Northern blot analysis. 
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In fefmentBra. these cells produced antibody In excess of 70^^! and regularly achieved levels of 
IOOmO^ or more. The ceils are denoted C1H 3Dir 44. 

Example 4 

Growth and Produdten of C1H 3D1 1* 44 In WCM5 In a 1 1Hm fefmefttef . 

C1H 3D1 1 *44 cells fhom Exampta 3 which had bean growlns aarunrt-ftaa forovar 2 months ware transferrad 
to a SGM Ifbre fannantar with a stainless steel angled paddte turning at 70rpm. The temperature was sat at 
io 37«C. dp2 at 10% and pH eontro) to 7-7.2. The fermantar was seeded on day 0 wtth 0^2 x 10* callsMrf m WCM4 
(Example 1) wltfi 0.1% polyethylene gtycot (PE6) 10,000 and 0.25% soy peptone, and was top gasaed with 
(V The cells war» routinely passaged using fresh ff>edhim and a split late typically between 1 to 2 and 1 to 4. 

On day 33 tha top gassing was replaced with deep sparging which b can be expected to cause more physi- 
cal damage to the cells. 

f 5 On day SO onwaitfs WCM5 (Example 2) was uaed together with peptone and PEG instead of WCM4. 

On day 53 the PEO was replaced with 0.1% phironic FB8. The resulting growth and antibody levels 
achieved are shown the the attached graphs (Figs 1 and 2), and demonstrate tha capacity 'of the invention to 
allow proteln-lree production of antibody In excess of lOOpg/m) in fermenters. 

20 Example 5 

Growth of CHO AJ19 MCB1 in WCM4 and oompared to CHO AJ1B MCB1 grown In serum containing 
medium 

25 Chinese hamsterovaiy ceils CHO AJ19 MCB1. derived from CHO DUK celts, (Ulaub & Chasin PNAS. 77. 
7. pp421&4220. 1980), were genetically engineered to produce tPA under methotrexate aeiecUm. This cell 
tine had been routinely grown in a fsmnenter as a suspension cuiture using normal growth medium consisting 
of RPM1 1640 medium (GIBCO), 2.5% acid hydrolysed adult bovine serum (Imperial), 0.5% Tryptone, 50IU/nnl 
pdymycin. 20IU/ml neomycin. 500nM methotrexate (MTX). 

30 Medium WCM4 was formulated to which was added:- 

468 0.25%w/v Soy Peptone (Sigma P1265). 0.1%w/v Pofyethytene glyool (PEG) 20.000 (Sefva, Gar- 
bowax 20M). 1uM MTX 

46C 0.25%w^ Yeast extract (Sigma Y0500), 0.1 %w/v PEG 20.000 luM MTX In this medium the laooves' in 
CM4 was replaced by RPM1 1640 medium (ICN FLOW). 

35 46D 0.25%w^ Yeast extract, 0.1 %w/v PEG 20,000. luM MTX. 

46E 0.25%w^ Yeast extract, 0.1%w/v PEG 20.000. 0.25% Foetal bovine serum (Imperial). luM MTX. 

The yeast extract. Peptone and PEG were made up as 1 0% w/v solutions with water (Welloonw media pro- 
duction unit) and filtered through a 0.2um disposable fitter (Gelman, Super Vac), than diluted for use. The cells 
ware Incubated at 37*C in a humidified incubator containing 5% CQt. 

40 Cells growing In normal growth medium were pelleted by centrtfugation at 1 200g •^4'^ for 5 n^nutes. were 
washed In RPM1 1640 without aupplen^nta and pelleted again. The cells were then resuapended at 10^ cellAnI 
fn normal growth medium (46A) and the other media (46B. 46C. 460 or 46E). 24 well plates (Costar 16mm 
walls) wars seeded with Iml/wall and incubated, at 37«C in an Incubator containing 5% COj. On days 3, 4, 5 
and 6 one welt of each was counted using a haemcytonwter and trypan blue exclusion. Two fiather welts of 

45 each were harvested, pooled and palletad at 1200g M'C 5 minutes. The supernatant was separated and atored 
at -20'X:. These samples vtrera subsequently assayed tor tPA. On day 6 samples fiom 46A and 460 only were 
harvested. 

RESULTS 

tPA specific activfties In vario us crude harvests 

CnJde material produced In the five drfferant media were tested using a OA validated EUSA assay to meas- 
ure the tPA antigen concentrations ^g/ml using binding to a polyclonal antibody against tPA, and dot lysis assay 
55 to measure tPA activity in lU/m). From these results (Table 2), the specific activities were calculated. 
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Table 2 


EATS CKLLCOOVT X10*5 MEAH CPA MBAB tPA SPECIFIC 


f5 


20 


25 



IN 

VIABLE 

NOSVIABLB 

ACTI7ITT 

COOTENT 

ACTIV] 


CULTU&E 



lU/ml 

ti«/«l 

HeglU/ 





<«-3) 

<n-3) 


46A 


3.5 

0.1 

3051 

10.51 

0.290 

46A 


3.7 

0.3 

4841 

14.85 

0.326 

46A 


4.1 

0.2 

5306 

15.52 

0.335 

46a 


5.8 

0.5 

8235 

23.22 

0.355 

46& 


5.2 

0.1 

2552 

10.44 

' 0.244 

46B 


7.2 

0.3 

5310 

18.58 

0.286 

46B 


7.8 

0.2 

6230 

22.19 

0.281 

460 


3.8 

0.2 

2779 

9.61 

0.289 

460 


4.9 

0.3 

3536 

16.54 

0.214 

460 


5.6 

0.3 

4639 

19.88 

0.233 

46D 


7.5 . 

0.2 

4650 

17,66 

0.263 

46D 


8.3 

0.8 

7369 

25.99 

0.2B5 

46D 


7.4 

1.0 

7882 

24.26 

0.325 

46D 


6.1 

2.0 

8095 

27.06 

0.299 

46£ 


6.4 

0.1 

6262 

23.85 

0.263 


29.70 0.343 
34.25 0.265 

From the above table there was no change of the specific activity In the five dirrerent crudes. The yield of 
40 tPA from protein tne medium B, C and D was nearly equal to the yMd of tPA Itom standard growth medium 
In group A and E. 


^ 46E 4 7.3 0.5 10180 

46E 5 6.1 1.3 9080 


Example 6 Continuous growth of CHO AJ19 MCBI In WCM4 

45 CHO AJ19 MCBI In WCM4 cells growing hti nomul growth n^edfum wm« peHeted and washed as In Example 
5 and were resu&pended at 7x1 0*/ml In 500ml of medium 46B. These cells wars transfenred to a Techne spinner 
flask and Incubated, as above, sttrrlng at 40rpm. At various tkna Intervale the cells were counted and subcul- 
tured using the same medium. A sample was taken for tPA assay and treated as In Example S. 

eo The specific activity of tPA In various cell subcultures 

The specific activity of supematants dilTerent pass levels of oetis grown In WCM4 with peptone and 
0.1% PEG 2aK were measu red byacombination of EUSA and dot tysfe assay. The speciricactNrities of diffe 
celt passages are sunrvnarteed in TaUe 3. 

55 
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tfA mttnt ia twrnttint 

nils FASS CELLC0ORT XIO'^ SPLIT cone, tFA SFECIFIC 

VIABLE HOHVUBLE RATE ng/W ACTIVin ACTIVIW 

(11^3} in/Bl Heg.U/ng 
(11-3) 

MD ND 

ND ND 

8865 0.399 


7 

1 

9.75 

0.65 

I-IO 

KD 

10 

2 

4. 95 

0.01 

1-5 

ND 

13 

3 

6.35 

0.0 

1-10 

22.2 


16 

4 

3.8 

0.0 

1-10 

7.25 

1914 

0.264 

21 

5 

7.2 

0.8 

1-10 

15.08 

.4331 

0.287 

24 

6 

4.1 

0.3 

1-10 

8.28 

2040 

0.246 

30 

7 

5.3 

0.4 

1-6 

7.30 

2052 

0.281 

34 

8 

5.2 

0.32 


13.65 

3518 

0.258 

36 

S 

7.95 

0.10 

1-6 

18.60 

5327 

0.286 

37 

8 

ND 

HD 


20.68 

5526 

0.267 

3B 

6 


100% 


19.10 

5474 

0.287 

3B 

9 

12.00 

0.5 

1-5 

20.85 

8348 

0.400 

43 

10 

5.5 

0.12 

1-5 

7.38 

1888 

0.256 


11 

4.4 

0.19 

1-6 

13.4 

3143 

0.235 


12 

ExperLsent temixiated 





MD * not done. 


Over a 48 day perfod. based on the above split rate, one cell could have divided to gfve 3.77x10" celts. 
This Is equivalent to 31 .8 population doublings with a doubling time of 36 houre. 

The results of the experiments conducted in Examples 5 and 6 demonstrate that the serum ft»e media of 
the present Invention Is capable at supporting ceB growth and tPA yield comparable to that achieved In senjm 
containing media. 


Claims 

1. A biochemically defined culture medium forculturlng engineered CHO cells which Is essentially free f^om 
protain. lipid and carbohydrate isolated ftom an animal source eomprtetng water, an oemolality regulator, 
a buffer, anjnergy^sguroe, amino adds Including L-gKitamine, an hofiganlc or recombliant'tron source, 
a recombinant or synthetic or growth factor, and optionally non-ferrous metal ions, vitamins and oofadors. 

2. A medium as claimed In dalm 1 wherein the osmolality regulator maintains the medium at200- SSOmOsm. 

3. A medium as daimed in clabn 1 wherein the buffer Is capable of maintaining the medium In the pH range 

6.5 - 7.5. 

4. A medium as daimed in claim 1 wherein the energy source is present in an amount 1 000 - 1 0,000 mg/litre. 
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& A madhim as dalmed In dalm 4 wherein the energy aourca to a monosacchartde. 

C A medium as claimed in dalm 1 wherein the amino adds are one or more eelected from: 
L-AJanine 
L-Arg)nine 
L-Asparaglne 
L-AspartfcAcid 
L-Cystlne 
L-Gliitamicacid 
Giydne 
L-Histldine 
L-lsoleudne 
L-Leudne 
L-Lysine 
L-Methlonine 
L-Phenytalanlne 
L-Pro!lne 
L-Serfne 
L-Threonlne 
L-Tiyptophan 
L-Tyroslne 
L-Valine 

7. A medium as daimed in daim 1 wherein the L-glutamine is present in an amount 400 - 600 mglitre. 

& A medium as daimed in daim 1 wherein the medium further comprfses a lipid factor in an amount 0.05 - 
lOmg/litre. 

9. A medium as daimed In any of the preceding daims wherein the iron source is an inorganic ferric or ferrous 
salt present in an amount 0.25 • 5 mg/litre. 

ID. A medium as daimed in any of the preceding dains wherein the growth factor is selected from insulin. 
PDGF. thyroxine Tg, thrombin, inteileukin. progesterone, hydrocortisone and vitaniin E. 

11. A medium as daimed In dalm 10 wherein the growth factor is Nuoellin. 

12. A medium as daimed In any of the preceding daims containing a peptide digest, hydrolysate or extract. 

13. A medium as daimed in any of the preceding daims which is essentially free from hypoxanthine and thymi- 
dine. 

14w A medium as daimed In daim 13 containing methotrexate. 

15. A CHO cell line adapted to grow in a cutluns medium as defined in any of daims 1-14. 

16. A dhfr CHO cell line transfected with a gene encoding a bblogically active protein and a dhflr aelectable 
marker gene adapted to grow in a culture medium as defined in any of daims 1-14. 

17. A dhfr CHO celt line as daimed in daim 16 wherein the biologically active protein is an antibody. 

18. A dhfr CHO cell Vine daimed in dalm 17 wherein the ariSbody Is an anti-COW52 antibody. 
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FERMENTER ADAPTION OF CAMPATH 1H CELLS 


UHE 4*(NI*17D/iei) 
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FERMENTER ADAPTION OF CAMPATH 1H CELLS 


UNE 44(KAn70/iai} 
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